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Statement of Purpose

*4_7 The purpose of this work is to construct two cooled wall

cloud simulation chambers. The smaller 48-inch tall chamber

capable of being cooled at 10/min and the larger 112-inch tall -."Z

chamber capable of 15*C/min. Construction will include such

support peripherals as secondary cooling, computer control, data

acquisition, and other systems required for the operation of the
. chachambersh

chambers. The will be incorporated into the existing-UMR-

cloud simulation facility. *
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INTRODUCTION

During the contract period work has been performed on three

different cooled wall expansion cloud chambers. Initially

scientific studies were to be carried out using the original

chamber (Proto I) while construction of the larger new chamber

(Romulus) was under way. Early in the work it was determined that

Proto I as it then existed could not be effectively used for any

further studies, and a decision was made to abandon it. At the

same time it was decided to use as much equipment as possible from

Proto I and build an improved version (Proto II) using the same

basic dirmensions.

Proto II is currently operational and the Romulus chamber is

mechanically ready for operation in a 48 inch tall configuration. "

Work on the temperature sensing and control system for the Romulus

chamber is continuing with materials already on hand.

The operational response of the Proto II chamber has been as
good or better than originally estimated in terms of wall control.

There is every reason to believe the Romulus chamber will be as

successful.



.1W

3a

PROTO I CHAMBER

The initial intent was to utilize the then existing Proto I AlZ.

cooled wall cloud chamber to conduct some of the simpler

scientific studies while the larger more versatile Romulus chamber

was under construction. Also any additional engineering data

concerning chamber operating characteristics would be used to
improve the Romulus design. '

The Proto I chamber was a 10 sided right cylinder with a

nominal inside diameter of 18 inches and an interior height of 24

inches. Wall construction consisted of a segmented inner wall of

0.25 'inch thick black hard anodized aluminum plates held to 3 inch

thick aluminum outer walls by a matrix of studs screwed into blind

holes in the inner wall plates and extending through the outer

walls. Thermoelectric cooling-modules (TEM's) were clamped in the

region between the inner and outer walls and used to controi the

a -. temperature of the inner wall by pumping heat between it and the

outer wall as required. Liquid cooling passages in the outer wall

plates requlated their temperature permitting them to act as heat

sinks for the TEM's.

-i The outer walls consisted of circular plates for the top and

- bottom sections with the side walls made in 10 separate pieces

which were bolted together. In practice this design presented

several problems with chamber sealing and temperature uniformity.

The electrical grouping and control of the individual TEM's

varied over the life of the chamber beginning with a single

IDI*.
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temperature control sensor in the chamber inner wall and all the

TEM's wired in series to a single programmable analog power

supply. This severely limited the maximum cooling rates to
typically less than iC/inN. Later work grouped the TEM's into 28N
I gi

sets, with the TEM's of each set wired in series and the sets in

parallel to a single high power programmable supply. This
increased attainable cooling rates but degraded chamber

temperature uniformity due to variations in response of the

different sets of TEM's. The final configuration utilized a

separate temperature sensor, analog control circuit and

programmable power supply for each of the 28 sets of TEM's. This

provided the best combination of temperature uniformity and

maximum cooling rate of 100C/min.

As the Proto I chamber was pushed to larger expansions and

faster cooling rates several problems surfaced. The large (2 inch

diameter) uncooled sample ports in the center of both the top and

bottom plates of the chamber created a continuous updraft through

the central viewing volume. Several attempts were made to provide

active temperature control for the interior surfaces of the ports

with little, if any, success. In addition to the motion imparted

to the cloud, the local heating indicated by the updraft

immediately cast doubt on the accuracy of our knowledge of the

environmental parameters of the sample being studied.

The problem of the uncooled sample ports might have been

dealt with, however the failure of several sections of

thermoelectric cooling modules (TEM's) as the chamber was operated



z, -- -

5 .

at higher cooling rates began to make temperature control of the

interior wall surface a very questionable. Analysis of the

apparent causes and effects oeemed to indicate that the silicone

potting compound which had been used to encapsulate the TEM's

during the early attempts to seal the chamber was mechanically

tearing the TEM's apart as it expanded due to heating interval in

TEM's I2R, loses when operated- at high power levels. Inspection of

the damaged sections during disassembly of the Proto I chamber

verified this analysis.

Late in the first year of the project the decision was made

to abandon any further attem-ts to utilize the Proto I chamber.

At the same time it was dec .d to use the parts on hand for a

second set of sidewall plate.. to build an improved version of the

Proto I chamber (Proto II) anr incorporate as many of the

improvements planned for the Romulus chamber as feasible. The new

chamber would provide experience with some of the new techniques W

on a smaller scale before they were applied to the Romulus

chamber. An example was the decision to use the new programmable

switching power supplies being designed and built for Romulusf but

to remain with the analog type control system of Proto I instead

of the digital control planned for use with the Romulus chamber.

Also it was felt that the new chamber would prove scientificly

useful in its own right with a shorter construction time, lower

operating costs and the segmented sidewall design permitting the

more efficient modification to accommodate specialized' ports or

equipment for individual experiments.

4 it
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PROTO II CHAMBER

Once the decision to rebuild the prototype chamber was made

design modifications were considered in order to correct the

problems encountered with the Proto I chamber. It should be kept

in mind that the basic cooled wall design consists of

thermoelectric cooling modules (TEM's) sandwiched between a

relatively thin inner wall and a thick outer wall which acts as a K
liquid thermostated heat sink as well as a structural chamber

wall. Temperature control of the interior chamber surface is

maintained by using the TEM's to pump heat between the inner wall

and the outer heat sink as required. H
The problem of the uncooled sample ports located in the

center of the top and bottom plates was solved in a relatively

straight-forward manner. The single large, port in each of the two

plates was replaced by a large number (164) of small ports

distributed over the entire interior surface of the plate. These

ports are sufficiently small that they can be located in the area

between TEM's (which also provides space for the studs used to

clamp the inner wall and the heat sink together). This allows the

TEM's to be laid out in a uniform pattern over the entire surface
~~~of the plate.__"! '

Lines from the small individual ports are collected at either

the inlet ranifold (top plate) or the outlet manifold (bottom

plate). The manifolds also contain the actual inlet and outlet
V4

valves and: are part of the e:pansion volume when the chamber is

7_7
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operating. The distributed inlet-outlet system also has the

additional advantage of helping to insure a uniform flushing of

the chamber during cleaning or sample introduction.

Since the change in inlet-outlet port design required

remaking the top and bottom heat sinks, this opportunity was used

to alter the overall shape from circular to rectangular.

Experience with the Proto I chamber had shown that trying to cool

only that part of the top or bottom plate surface which was inside

the expansion volume resulted in uncooled corners where the top

and bottom met the side walls. The modified design provided for

cooling the entire surface of the top and bottom plates so that

the cooled inner wall plates extended beyond the junction with the

side walls. This proved to produce a more uniform temperature

across the irterior surface of the top and bottom and standardized

both the shape of the inner wall plates and TEM configuration,

The second major change involved the elimination of the
silicone potting compound from the region of the TEM's. [

Experience with the Proto I chamber had shown that the use of a

stud on all four sides of every TEM as recommended by the supplier

represented an unnecessary overdesign for our application. By

reconfiguring a reduced number of studs it was possible to remove

them from the area along the edge of the plate. This then

permitted the use of a gasket to seal around the TEM's, and

between the inner wall'plate and the heat sink.

Preliminary design work for the Romulus chamber had developed

an improved design for the inner wall plate. This consisted of
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using a sheet of adhesive to bond two aluminum plates into a

single composite plate, and provided several advantages. First

the increased thermal resistance of the thin adhesive bond

restricted heat flow and produced an enhanced smoothing effect on

the temperature profiles across the interior face of the plate.

The smoothing is required because of the nonuniform removal of

heat from the plate, which in turn arises from the fact that the

32 individual TEM's under a single plate do not touch each other.

Analysis indicated the laminated design should provide the same
smoothing effect as a solid aluminum plate one inch thick but

without the unweildy thermal mass (heat capacity) of the thick

plate. The design also permits the use of inserts to increase the

length of thread engagement between the plate and studs; this had

been a minor problem with the Proto I chamber.

As a final test of the design, a test plate using the new

design was constructed and mounted on one of the sidewall heat

sink sections from the Proto I chamber which had been modified to

accept the altered, stud- pattern. A series of cooling tests using

sheets of temperature sensitive liquid crystals was performed and

verified that the laminated design would provide adequate

temperature smoothi.,v across the gap between individual TEM's at

the highest cooling rates. The test results showed that while

adequate smocething was achieved across the gap between TEM's, the

removal of the silicone potting compound had reduced the reverse

beat flow from the heat sink to the inner wall plate and revealed

ano-verall temperature nonuniformity along both axes of the

k.
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rectangular plates. When this was discovered a more extensive L
series of tests using surface transistor thermometer sensors was '-

undertaken to determine both the source of the problem and a.- 

solution.L

As data was collected it became apparent that at least two

different effects were being observed. The first was the-overall

temperature variation where the edges of the plate cooled slower

than its central region. This effect was noted to be dependent on

the cooling rate with differences increasing for faster cooling

rates. Further studies were carried out to insure that the effect

was not due to nununiformities in the heat sink temperature or

interaction with adjacent inner wall plates. It was finally

concluded that this particular effect was due to variations in the

amount of inner wall plate cooled by the TEM's in the center of

the 4 by 8 array compared to that cooled by those along the edge.

After several months of study and testing it was determined that

since the locations of the TEM's within the array were such a

basic factor in the overall design any significant movement of

their location was not feasible; therefore the excess material

associated with the outer TEM's should be eliminated by a shallow

bevel around the edge of the plate on the interior face. This

proved to be a satisfactory solttion.

During these tests a second effect was discovered in which

the plate temperature measured over adjacent TEM's varied in what

appeared to be a random manner. While measurements were

repeatable for a given assembly, there was no observable

r,7
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correlation with location on the plate or from one plate and TEM

set to the next. Again after several months of study the effect

was traced to variations in the cooling efficiency of individual

TEM's due to variations in the clamping force applied to them.

These force variations were then traced to small differences in

the heights of adjacent TEM's under the same inner wall plate.

Tests showed that excellent temperature uniformity would be1<

secured by requiring all TEM's purchased to be the same height to

within the 0.0001 inch tolerance or less. This however was a

probibitively expensive solution to the problem. However, the

large number (7500+) of TEM's required did permit specifying a

realistic height tolerance of + 0.002 inches. Then the units

would be grouped into sets with the closer tolerance for use under

a single plat?. Plate-to-plate height variations had no

measurable effect on temperature.

To measure the large number of TE4s a semiautomated gaging

station was developed. As each unit was placed in the gaging jig

and the measuring head brought down against it, the NOVA 840

control computer read 5 precision linear position transducers,

calculated the effective thickness and stored the results together

with the unit serial number. Once all the units had been

measured, a processing program was used to select those sets of

TEM's with matched heights to be used under each individual plate.

Once selected the proqram automatically removed a unit from the

source file to prevent selection for use in more than one set.

The completion of the tests on wall temperature uniformity
,.:



together with TEM specification, purchasing and gaging took place

during the latter half of the second year of the project. Final

temperature tests optimized the bevel design. Approximately the

same time machining of the new top and bottom heat sinks was

completed. The heat sinks for the first side wall ring were also

ready. Lamination of the inner wall plates for the Proto II

chamber was started once acceptable solutions to the temperature

uniformity problems had been determined. Machining of the second

set of side wall heat sinks was also started.

The extensive manifolding required for both the secondary

cooling (heat sink liquid flow) and expansion systems of the

Romulus chamber had led us to investigate the use of molded

polymer parts. Unfortunately while the quantities required were

large enough to preclude individual machining from solid or

standard shapes, they were not large enough interest outside

vendors. Therefore we used fiberglass reinforced casting epoxy,

* which permitted the use of relatively simple open molds and which

could be handled by student workers. During the first half of the

second year molds for the cooling manifolds -needed on the P,:Cto 11

chamber were developed and production started. The manifolds were

' ready at the time the heat sinks were complete in the latter half
of the second year. This permitted the system to be assembled and

leak tested. k.

Temperature uniformity tests also demonstrated that rather

tight restrictions had to be imposed on the thermal conductivity

in the sealing gasket between the inner wall plate and the heat
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sink. In earlier work a gasket molded from a RTV silicone rubber

had been developed which provided an acceptable seal; however the

high thermal conductivity caused an unacceptable increase in plate

temperature around the edges. Various inhouse procedures were L
tested. We found no external supplier willing to develop a gasket "

with the required sealing and thermal characteristics. Finally "

near the middle of the second year an inhouse procedure using a K
foam in place polymer (Eccofoam-Sil by Emerson & Cumings) was

developed which did produce an acceptable gasket. The procedure

was slow and produced a high number of rejects, but it premitted

the overall work to proceed.

During the third year fabrication of the inner wall plates

for the Proto II chamber including the beveling and black hard

coat anodizing was completed. After the first set of plates was

ready, and sufficient sets of TEM's had been selected and

electrically wired into series sets, the inner wall plates, TEM's, F
and gaskets were assembled and fastened to the top and bottom heat

sinks and one set of side wall heat sinks. The sections were. then

assembled in their final- configuration for a 24 inch tall chamber.-K

Once the individual sections had been assembled as a chamber, work

on the final design and testing of the intersectional seals was K-4..
initiated. The final design uses a combination of O-ring cord and

RTV silicone rubber to seal between the individual side wall .

sections and a gasket cut from a closed cell polyurethane foam

sheet to seal between the side walls and both the top and bottom

sections. The grooves formed by the beveling of the inner wall
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plates on the top and bottom sections were filled with the RTV

where they meet the side wall sections, providing a level surface

for the gasket to seal against. FuI:
With the basic parts for the Proto II chamber assembled,

final design, construction and installation of both the sample

inlet-outlet system and the secondary cooling system could be

carried out. At the same time parts from the Proto I chamber were

modified for the external plumbing of the expansion system and,

installed on the Proto II chamber. Final layout of these systems

had been delayed until this time due to the close interweaving of -

their physical locations. Coordination of their layout greatly

simplified the overall task.

While work continued on the 24 inch version of the chamber,

machining, lapping of the TEM mounting surface, and an6di7zihg-of-

the second set of side wall heat sinks was completed. The

remaining sets of TEM's required for these sections were selected

and prewired for mounting together with the finished inner wall

plates. It was at this point, approximately midway through the K
third year, that we tried to order additional Eccofoam-Sil for the

additional gaskets required and were informed that production had

been permanently discontinued. This meant that an immediate .

search for a substitute material and/or gasket design had to be K
initiated which continued into the early part of the fourth year.

At this time an outside vendor was found who was willing and able

to supply die-cut sponge gaskets with the required sealing and

thermal characteristics in the quantities needed (and for a
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reasonable pr ice).

*During. the third year we reorganized and enlarged the control

and data .acquisition equipment console to provide additional space

for equipment for the Romulus chamber. The reorganization was

also used to group the equipment for the Proto II chamber into a

single logical grouping.

Near the eld of the third year work on the cabinets and

wireways for the main TEM power supplies and wiring had reached

the point that the main power leads could be run to the Proto II

chamber. A series of thermal response tests were performed to

collect design data fo -use in designing the analog controllers

for the Proto II wall temperature control. Initial results

indicated the need to design several different controller circuits .

for use with different areas of the chamber wall. We preferred to

have a single design which could work on any control section of

the chamber; therefore an investigation of the cause of the

variations was initiated and fortunately the problem turned out to

be very simple. The differences all occurred on the top and

bottom sections and were traced to variations in the heat load

transferred from the side wall heat sinks to the top and bottom

section inner wall plates where they meet at the gasket seal. The

simple solution consisted of increasing the thickness of the

gasket and hence its thermal resistance. This was carried out

and a single controller design became feasible for all control

points.

Early in the fourth year the Proto II chamber was

4' I
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disassembled so that openings for the windows could be maqhined in

three of the side wall sections. At the same time the

Eccofoam-Sil gaskets were replaced with the new sponge gaskets and

the chamber reassembled in the 24 inch configuration. The

pressure transducer and electronics from the Proto I chamber were

mointed, calibrated and tested. The digital expansion valve was

used during the final chamber pressure tests to verify the seals.

Construction of the three cooled windows for the Proto II r
chamber was completed and the windows installed. Additional

pressure tests showed the windows to be sealed. Open loop

temperature tests of the windows demonstrated that they were

capable of cooling rates as high as the maximum for the chamber.

Once the windows were installed the optical systems from the

Proto I chamber were modified and reassembled. The flash

photography system was further modified so that it uses the same

lamp and energy storage system as for the Romulus chamber.

By the middle of the fourth year the computer software

developed for the NOVA 840 control and data acquisition computer

had been converted from the Proto I chamber to the Proto II

chamber. Modification of the primary analysis and data print out

programs was also completed and tested. The computer cloud model

used for generating the temperature and pressure vs time profile

necessary for chamber control was transferred from the

university's central main frame computer to the Center's NOVA 3

minicomputer. This provides a faster turn-around when additional

profiles are needed and with the data link between the NOVA 3 and

= .. . . r.
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840 the files can be transferred directly between computers. The

latter point became particularily important when the size of the

profile matrix was increased from 3 x 121 to 3 x 1001 elements.

As the fourth year ended and the fifth year began,

construction and installation of the wall temperature controllers

was completed. Thermometer sensors were constructed and K
calibrated to operate the 40 control points of the 24 inch chamber

and enough programmable switching power supplies were finished to

power the required TEM's. The required safety and emergency shut

down circuits for the power supplies had been installed. The zero

and gain of the individual wall temperature controllers had been

set prior to their installation and all was ready for the '

operational tests of the Proto II chamber.

In order to limit power dissipation during the tests, only

one transformer was turned on at a time. The 24 inch chamber

requires two of the nine power transformers. When the first full

set of 10 power supplies were turned on together it was found that

the system had sufficient noise in the control loop to cause

stability problems. The search for the source of the noise

disclosed several undocumented grounds in the computer data

acquisition circuity which produced ground loop paths between the

controllers, power supplies and thermometers. Since removal of

those grounds in the computer would involve extensive development

* and construction time, optical isolation units were added to the .

individual controller boards to provide isolation in the signal

line between the controllers and power suppli es and thereby break

I,
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the ground loops. This modification improved the operation of the Li
chamber significantly, but it was still unstable. K

In trying to analyze the problem even after severalI :-

additional sources of ground loops were located and eliminated it

was obvious that we were still dealing with several simultaneous

causes-effect pairs which confounded solutions to the problems.

The first cause and effect to be isolated was a quasi-periodic 1 .'

offset in a thermometer reading followed by a return to the

initial reading. The cause was finally traced to an interaction

between the RF noise produced by the high frequency switching

power supplies and the closed loop time constant of the control

system. Slowing the response time of the power supplies

alleviated the problem without degrading the operation of the

system.

A second problem was traced to certain individual thermometer

sensors which became noisy when exposed to the RF environment

which was generated by the surrounding TEM's being driven by the

switching power supplies. These sensors were replaed or used in

less criLical and quieter locations.

A third problem was traced to the" reference voltage power

supplies within the transistor thermometer electronics. These

voltages were showing shifts and spikes in response not only to

the RF of the switching power supplies, but also due to

interaction with other equipment such as the A/D system of the

data acquisition computer. This problem required redesigning and

rebuilding the affected power supplies as well as noise hardening

I;

oI
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other electronics within the thermometry system.

The fourth problem proved to be the most formidible to trace

but the simplest to remedy once the source was isolated. The

effect was a change in the thermometer readings which appeared to

have some correlation with the total power level of the switching

power supplies when they were operating at high levels. The

effect of a particular power supply operating at high power varied

from one control loop to another. The problem was finally traced

to the transistor thermontcter sensors acting as diodes and

rectifying the RF noise from the switching power supplies. The

effect had a positive feedback component sinice the offset in

thermometer reading caused the power supply to increase power to

bring the reading back to the set point which in turn caused a

further change in the thermometer reading. A simple filter

capacitor across the sensor leads proved an effective solution.

At this point the chamber control was acceptable and operational K
tests could be continued.

Operational Tests of Proto II
.2t.

Pressure Control - The first areas tested once the Proto II

chamber became operational were the pressure and wall temperature

controls. The pressure transducer was recalibrated using the two "

precision (+0.91%) dead weight pressure gauges. One of the dead

weight gauges is also used to provide a stable reference pressure

for the differential transducer during operation. The resolution

of the pressure measuring system is one part'in 104 with an

accuracy of 5 parts in 04. During normal operation the pressure V
I
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transducer voltage is read by the computer usiig a 16-bit high

speed A/D and the pressure is then- calculated from a least sqtaies

polynominal fit to the calibration data. (The current fit is a

cubic.) The system reads the pressure and recalculates the

required setting of the digital valve once each second and is

capable of recovering from any ahrupt but continuous changes in

desired pressure within approximately two updaote perio6s. The RMS

pressure error for a linear expansion of 50C/min cooling rate is

typically 0.004 psi and 0.0095 psi for l0VC/m~n-. In -bo--cases

the error includes the transition from the ihitial constant

pressure mode to full expansion; thence from full expansion- to a-

constant pressure mode at the final desired pressure.

Wall Temperature Control - Settling time for the r-sponse -o-f

the wall temperature control to a step change of 1°C in the-L

desired temperature is approximately 30 seconds. RMS value of the

error of the 39 measured wall temperatures about their mean is -

normally less than 0.050C and typically less than 0.-025 0C when the _

system is controlling at a constant temperature. The, spread in

wail temperature does increase when the chamber is undergoing -

changes in temperature due to variations in the response of the

individual control loops. The error in mean chamber temperature

compared to the desired temperature can be as much as 0.350C

during the transition from a constant temperature mode to a

maximum cooling rate of 10OC/min due to the thermal inertia of the

walls. A similar overshoot: is observed following the transition

from cooling to constant temperature mode at the end of a typical

--------- - - - - ---- - - - - - - - - -
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-expansion, After the- -in-it,al tranisient .overshoot the offsetI.typically rpduce_.§ 6o- li-s t-h-ah-Oi25 0C with smaller offsets "or
Slower cool-ing rates; QObserved temperatut( -fluctuations fo,.

single temperaiture- sensor as a- function of -time are normally less

thn .05 -nd f-ically 0.60 oe -5 -minute ,period,

Iniialtests of dynamic s ~~~show-that the chamber is

capab-e of -following a sifisoidal temperature -in-Lit of 10C peak -to F-

peak wmplitud.1 _afia 60 sedond ___er-I6o A- trade bff is-pOssible

1bWewen --the Ampli-tud , and peLriod-. A- o f the above -results are in

i -sp o n s to.-Control _prbfIles- -Us~d jut as- tfe-y- -come. from -theL

c~ipte -lod=mdel.. r; ~p1tablwiiiovement in

temperature control Is possible by teec-ti n, -the profiles to-

account fot the thermal inerti2a -o.- the als~

-. LA~it-ja Ctiixoti ga~nsionq Th e irs clud- forming

expansions witEh -the Prpto 'T hi~rivoi h s fO~

-micron -di&meter VaC-1 -idonodisperped aerosol as clioud- coridenfsation

nuclei (CCN). I i -tial resaulIts were.sm~a 2 ~i-bewe

compared to the c-loud model -preidictdons. Co66talimson of thec-a -

4 ~ cloud arrival timte to that predicted showed -V~ry 11-ttle--

repeatability. This ptoblet -wa~ traded- to altdra -ion o-f h §

initial vapor content of the chambe bytepoye ubi-ng used i n

the sample inlet and outlet system. This tubing has beeirzzeplaced

by a fluoroca-rbon tubin -wh-ich does not abso-rb moisture.

The Stab-iity bf- the _cloud formed seemed-i as one would

an t-i-ate~ _tp- has a- dB i t- correlation- with the de-gree of

agreime t be4 e the actual ?Iroo concenttration in the chamber

agL teWr
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and the concentration assumed in the generation of the control

profile.
During these tests the 40 Mie scattering system from the

Proto I chamber had been used to observe the droplet growth. The 1"
drops can normally be tracked from approximately 0.7 micron radius

to about 12-15 micron radius. The upper limit varies because it .-

is limited more by chamber turbulance than drop growth effects.

One particularly stable cloud permitted following the drop growth

to 20 micron radius.

Dry Expansions - During the last six months of the contract

period additional operational tests have been carried out.

Because the air motion in the center of the chamber could only be

observed on the video monitor once the cloud formed, the question

-of chamber turbulance prior to cloud formation still remained

unanswered. It was therefore decided to use 2.02 micron diameter

latex spheres in a dry chamber to observe air currents in the

chamber in the absence of condensation. Initial studies employed

a simple profile in which there was an initial 15 second period,

during which the temperature and pressure were held at their !ji

initial values, while a complete set of chamber data was taken. A

segment of sine wave with a 20 second period was then used to ..

'"roll off" into a 5*C/min• cooling ramp; this was then followed by

another sine wave segment which rolled out into a constant

temperature and pressure mode at the final temperature. Chamber

temperature ranged from 200C to 10.3 0 C.

Observation of the motion of the latex spheres after the

1,.
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chamber was sealed and held at a constant temperature and pressure

showed a general decrease. After (at most) 10 minutes, motion in

the central observation volume (which is a horizontal cylinder

appromately 1 cm in diameter by 3 cn long defined by the length of

laser beam visible to the video monitor) had slowed to speeds of

mm's/sec or less. The direction of motion while being somewhat

random does show a preference for either right to left or bottom

to top with occasional periods of zero motion. Several checks

were made to insure that the presence of the high energy laser (1

watt beam energy) was not induc1ing the motion. This was done by*

comparing motion with the laser beam continuously in the chamber

compared to that when the beam was blocked except for those short

periods when observations were actually being made. No difference

could be observed in the two cases.

Observation of the latex spheres during an expansion revealed

motions which could very easily be correlated with chamber

operation. Due to the size of the total computer control program

it has been divided into four separate programs, each of which is

automatically called by its predecessor. One transition point

occurs between the stilling period and the actual expansion, and

even though active control of the wall temperature is maintained

during the program transition, the pressure control seals the

chamber for a period of 5-10 seconds during that transition.

Observation of the latex spheres during and immediately following

this period showed no change in motion. As the expansion

proceeded a downward motion of the particles began peaking at a

I
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speed of 2-3 cm/s then gradually decreasing to motion similar to

that observed prior to the start of the expansion. Later an

upward motion began again peaking at a speed of 2-3 cm/s followed

by a decrease to the initial levels of motion. Several expansions

with the same control profile and initial conditions were carried

out with repeatable results. During these expansions it was

possible to show that the downward motion began approximately

eight seconds after the start of the actual wall cooling and

corresponded to the peak in the error (mismatch) of the actual

wall temperature (due to the thermal inertia of the wall during -

the inital transition) compared to the desired wall temperature

At this time the actual wall temperature is in fact higher than

that desired. Since the gas temperature is controlled- by the

expansion which has virtually zero time lag, the gas temperature
corresponds very closely to the desired temperature. Thus the

temperature mismatch results in a warming of the gas near the wall

resulting in a large single convection cell with the warmed gas at

the wall rising and the return downdraft appearing in the center K

of the chamber.

The later updraft corresponds to the actual wall temperature

overshooting the desired tz..erature profile and decreasing below 'S !

the gas temperature. The lower wall temperature causes a cooling

of the gas near the wall with a resulting downdraft at the walls F;
and a return updraft in the center of the chamber as observed.

The sensitivity of the gas motion to mismatches between

actual wall and gas temperatures makes it imperative to decrease

,QC
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both the maximum and average error between the gas and wall

temperatures. Four wall thermometers were selected to be read at

one second intervals in addition to the normal reading of all the

thermometers at less frequent intervals. A post expansion program

was developed to average the four thermometers and then a linear

extrapolation was used to determine an effective actual chamber

temperature at each of the 1Q01 times corresponding to a point in

the control profile. The actual chamber temperature is then

compared to the desired profile wall temperature and the error

determined. The error is then used to correct the profile

temperature at a point 5 seconds before the error actually

occurred. In this way an anticipation capability is built into -

the control profile to compensate for the large thermal inettia of

the wall. After the initial correction to the original profile

the new profile is used to operate the chamber and a new set of

data taken and the correction procedure repeated. After the third

iteration the resulting errors are normally less than 0.07 0C for

the peak error and 0.04 0C for the RMS error. I

When the chamber is operated using a corrected control

profile it is impossible to dorrelate any changes in the motion of

the latex spheres due to any cooling of expansion activity of the

chamber. Motion type and levels remain virtually constant

throughout an expansion with cooling rates as high as 10OC/min. K-
et Runs - Once the profile correction procedure had been (.

developed and tested on the dry chamber it was decided to mix the

latex spheres with a wet NaCl aerosol sample to observe motion
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: during the beginning of the cloud formation. We first attempted

3to use a NaCI concentration of 500 CCN/cm ; however after two

expansions in which the observed cloud density was estimated to be

several times the aerosol input concentration, additional

measurements of the total aerosol concentration were made using

samples taken from the chamber just prior to closing. It was
'.*-.. * discovered that the atomizer used to disperse the latex sphere

solution was also producing sufficient CCN to result in

concentration of 2000 CCN/cm3 in the chamber! Once the true

concentration of CCN was known the observed particle motion in the

chamber during the expansion could be explained.

Since the addition of a significant volume of air of unknown

vapor content occurred when the latex spheces were added to the
sample, our knowledge of the total sample vapor content was not

adequate to attempt a realistic numerical modeling of the

expansion. Therefore a dry adiabatic profile was used with the

understanding that any condensation would produce latent heat

which had not been accounted for, and hence an updraft in the

central viewing volume was to be expected. The question of F-
7y. interest was: when would this begin relative to the time of cloud

V' formation?

Motion of the latex spheres followed the same pattern as in

the dry adiabatic expansions until the relative humidity

approached 100%, at which time an upward motion started in the

central viewing volume and gradually increased in speed until

cloud formation when there was a sudden additional increase in L



,, after the fact using the cloud formation as a reference point. A

crude calculation of the warming effect due to the latent heat

released by a concentration of 2500 CCN/cm 3 growing through the ,

':'"!i:Jhaze region indicates that this could very well be tne driving i:i

-i' force for the observed pre-cloud motion of the spheres.

:::"It is our current belief that most of the motion observed in

~the chamber during the wet NaCI cloud-forming expansions can be

.-,attributed to differences in the aerosol concentration assumed in

• the numerical cloud model to generate the initial control profile

~and the concentration of aerosol actually in the chamber when the

} expansion is performed. It is felt that we are curre-ntly }

!- underestimating both aerosol and cloud drop concentrations. !i

!! Additional calibration work is planned for the aerosol ,

measurements. Cloud drop concentrations at present are visual w

estmaesmade from the video monitor. A family of control

profiles having the same temperature profile but varying the i

,:. assumed aerosol concentration have been generated and corrected ,

9_ for termal inertia. Thswl emtthe appropriate profile to

be entered after the actual aerosol concentration in thechme

: " has been measured. i"

I 

-
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ROMULUS CHAMBER MECHANICAL CONSTRUCTION

During the first year of work we made a final evaluation of

the cost trade-offs involved in use of an outside vendor for the

major machine work verses having the work done in the Kr

University's central machine shop. The second choice had the

advantage of being able to maintain close day to day supervision

of the work ahd provide immediate response to any questions or

problems. However it had the disadvantage of requiring upgrading

of the central shops capabilities to include a milling machine

large enough to handle the side wall heat sink cylinders, a gun

drill for the cylinder fluid cooling passages, and a CNC milling

machine for the large number of repetitive machining operations

involved.

Early in the year an extensive search was made to locate an

external machine shop able and willing to accept the project.

While one or two shops were located they either refused to give a

firm total cost which University purchasing regulations require

or the cost given was prohibitively high compared to the

projected in-house cost. During the latter part of the first
-,,

year the decision to do the machine work in-house was finalized

and steps taken to acquire the equipment required to upgrade the

University central machine shop and provide the necessary

capabilities. Full capabilities were not achieved until well

into the second year of work.

Early in the second year building modifications required for
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the Romulus chamber were completed. These included replacing a K
section of the floor with an isolated reinforced concrete pad as

a foundation for the chamber and a set of trap doors in the

'ceiling to permit its assembly to full height.

During the latter half of the second year design and h
construction of the molds for casting the 'ooling and expansion

manifolds for the Romulus chamber was completed and prototype

manifolds were available for testing. During this same period

machining was sta-ted on the top and bottom heat sinks for the

Romulus chamber.

During the third year machIne woi* on the top- and bottom

section heat sinks was completed and lapping gfor the TEM surface-

finished. With the completion of the, upgrading of -the central

ma6hine shop, machining work on the ltge cyl-ifiders for the side

wall heat sinks could be-started andb6y the end of the yeqar all

nine had been machined to shape except fpr the final surfacing of

the bottom end. Gun dtllihg -of 'the long vertical cooling

passages had also been compl'eted and the location of both the top

and bottom of each hole checked to determine drift. Of the 864

holes only ope hole on each of 6 cylinders had drifted far enough

to require correction. In each case the location of the hole was
-at the edge .of the weld left by the rolling and welding of the

original plases t6 form the cylinders. Four of the cylinder

required shifting one vertical column of inner wall plate stud

holes 0.25 inches toward the center of the affected flat and the[other two required one corner studhole to be drilled at a 50

I-
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angle to the surface normal. At this point the individual inner

wall plates had only been machined to size and surfaced to

thickness so a small set was set aside to be drilled, with a stud tM

pattern for the four modified cylinder flats; a single plate

design fit all four flats. With these changes, drilling could

proceed for the stud thread inserts. This was the last step i: -

before- laminating the two compqnent pieces together to form the

composite corner wall plate. The lamination was done with

student labor and consequently averaged only 3-4 plates per week,

but -this was still rapid enough so that other work was not held

up (even though work continued into the fourth year). After the

temperature uniformity tests on the inner wall plates of Proto II

were completed, the design for the Romulus chamber was tested.

As the design explicitly incorporated the concept of associating

an equal mass of inner wall plate with each TEM under the plate,-

there was no need to level the plate edges as ;as done in the

Proto II chamber.

Work continued-on the support equipment. The ceiling hoist
i was constructed and installed in the aer-osol laboratory. it can I

be moved over the trap doors directly above the chamber location,

and is used to lower the assembled chamber sections into

position. At the same time design and location of the four

service columns next to the chamber were finalized. These

columns are located at 900 intervals around the chamber and

contain the TLM power leads, transistor thermometer cables,

secondary cooling fluid supply and return lines, and the external

!,.)
°
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lines for the expansion and sample flush system. In addition the

eight-bit digital control valve for the expansion systems was

specified and a vendor located ('our previous supplier no longer

makes this type of valve).

Tests of the prototype manifolds were completed and

production started. This also was a long term task performed

primarily by student labor. Work proceeded simultaneously on

parts for both -cooling and expansion systems.

Approx-imately half of the TEM's for the Romulus chamber were

grouped and prewired into sets ready for assembly as the inner

wall plates and heat sinks were completed.

During the fourth year machine shop work on the nine tide

wall: heat sink cylinders was completed, and assembly of the inner F
- wall plates and TEM sets to the heat sinks started. Constructoion

of the cast parts for both the cooling and expansion manifolds

was completed. The digital valve for the expansion system was

received and tested. The service columns including both the

secondary cooling and expansion-sample flush systems were rQ

completed as far as possible without the chamber actually in

position.

A discrete element computer model of the heat transfer

within the chamber heat sinks and the proposed secondary cooling

system was devised. The model permitted programming various L
time-temperature profiles for the chamber walls to simulated

various experimental runs. This permitted a determination of the

heat flow through the heat sink, transfer to the secondary

rj* -
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cooling fluid, and its removal by the proposed two phase

refrigeration system. These computer simulations were necessary

to establish the final design parameters for the secondary

cooling system. Initial estimates of compressor size ranged from

a minimum of 10 tons corresponding to chamber cooling from room

temperature to 00C in one hour (with zero power to the TEM's), to

a maximum of 100 tons corresponding to full power with immediate

rejection of excess heat. The lower limit was obviously too

small for practical use and the upper limit was both

prohibitively expensive and inefficient since the heat could not

be transferred through the fluid loop fast enough to utilize the

full cooling capabIlities of that large a compressor. Studies of

a number of different-simulated experiments showed that a 20 ton

compressor combined with a- 500 gal fluid reservoir provide the

best combination. Flexibility was further enhanced if the

reservoir could be isolated from the primary fluid loop,

-precooled and then cut into the loop after the sample Was in the

chamber and the chamber sealed. Once the overall design was

established, .ork proceeded on the detailed design of the

reservoirs and refrigeration system. (The degree of control

flexibility precluded purchasing an off the shelf control system

for the surplus 20 ton compressor that was on hand.)

Early in the fifth year machining and anodizing of the major

chamber components was completed. Assembly of the inner wall

plates and TEM sets to the heat sinks was completed for both the

top and bottom sections and five of the side wall cylinders. All



32

of the chamber manifolding was ready. The necessary parts had

been installed on the top and bottom sections and three of the

cylinders which also had the inner wall plates. At this point

the top and bottom sections and the three completed cylinders

were assembled in position, constituting a minimum height

chamber. This configuration encompassed the entire range of

connections and seals associated with a full seven cylinder

configuration, but was much easier to work on.

With a minimum chamber in place the secondary cooling fluid

loop could be completed and tested. Initial tests disclosed the

usual leaks expected in this size system, but these were easily

sealed. The expansion and sample flush system was also completed

and tested once the pressure transducer and expansion valves were

installed. At this point a minor problem occurred in that there

initially were a sufficient number of leaks in the system that
our normal gas leak detection procedures could not isolate their

locations with enough resolution to permit effective repair. The

problem was finally solved by filling the in'terior of the chamber

and the expansion-sample flush system with water. This procedure

was very effective in locating the leaks and showing their

relative size. Once the system was sealed the chamber was

drained and connected to a vacuum pump for a period of several

weeks to insure removal of any residual water. Tests of the

pressure transducer system and expansion system were then

continued.

Construction of the secondary cooling refrigeration system
'I7
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was completed during the final six months to the point where

manual control of the reservoir and circulation loop cooling- is

possible. A relatively simple automated control has been

designed, and is awaiting construction.

;,4
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OPTICAL SYSTEMS

Near the eid- of the fiJrst yeav and thp beginning of the

second Yezr Su-ffL ;ient detail about the mechanical dinmensiorvg of

-- ,the -- oft"i J.us- cbjmber had- been esta-blished to permit detail

specfic-t ofan otica tabe~-Te optical system planned at

that time required stable and vibration-free rclat-om

AE.xperience with the Prcto I chamber indicated a mass ive- tdbloe'

sup-poted Lby pneunfiatic legs-. the requiremnt that we reach at

least three s-ides of the chamber led- to a "'U" shap-ed design.

This- pemtt;110!te. th- ft--lsr other-s-ingle source-, or

detector equipment on the basef th6 _U-, _whi"le -the arms ex t~eqd-

-arbund the -chartber -to; -reach- the windows on each- side.

The Romnulus chamber has sidewal. sectionis 16 irjhSC__'frl--

Nine sections have been constructed and-ip to seven cali be used

at one time. Three of the sections are equ ie wihwnast

permt :tical access to the interior of the chamber, and the

aesign alosthese Sect ions to be used in any of the lowest six k~

positos Thus provision has been madd 4to mount optical systenfis

at. an 'ohe lc~west six levels. i accomp'isb_ this- the opical --

support system consists of a vi-bration isolated tabole athe

lowest lqevel and a c-ritically damped tower mounted ori to reac~h

the other Alive levels.

Once the complexity of the engineering requirea to achieve

critical damping fc~r the table-tower combination b~c"-me apparentIN

an experienced 3utside supplier was sought. -Me-chan'icail and

-1
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optical requirements were specified, and Newport Research .

Corporation designed and constructed the tower and table. The

table includes four pneumatic legs for vibration isolation, and

the tower consists of six vertical columns with horizontal cross

pieces which-can be adjusted vertically in one inch increments.

To -provide maintenance or repair access to the Romulus

chamber, a-system was developed:to move the assembled table and

I.tower with the optics in place. This consists of- a- steel, plate

under, -he oneumatie- 1-6gs, and a set of screw- jacks which tan lift

p1-ate-# -table- and- tower -off, the -floor and a set of low ptofie air

casters,-m- to -be a iippqd under 'th~i platd at the ldg loca tioh ; The'

entir-e asaembly can -then -rst dn the air Casteri -away froin -the-

c h Aa- b rt. _ AftIeir the completion Of the work th~e -tahle is

repsitond ad ce ro esps reversed' to. _temovd the air 6at

6he-ir peri-tioi can, -be safeoly iperformed by two- -workers.

The -table aid -tower -wer ecived-4uring- the latter half Of. -

th -second y~dr and Assemt dd -in a-l -put 6 t he wal(c-orner of the-

siu-u-a.ion l-abora toty.- T hI - permit id- tes-ting- ofq the -table and

tolz. r and r-rv J -desd a location for work on other optical systems

which were being dlevelooeiO -.6d- t ed

- By the beg-i nning of thee recond ,rpar wctrk Q!% the design- of

-the -Romulus s ide wail1 heat sink: had. procedded-tt the-poiit that2.

II Anq tile %.noQl-'- are)- had been dav~loped. Several

-designs wee conpidered,. but the only o.e which showed any

promise was that ipaking' us~e of a doub&d n ino it

ble-pne- wndow ith
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thermostated fluid or gas circulated through the space between

4 the two panes to provide temperature control. Sapphire windows

were selected for their very high heat conductivity.

Problems associated with the fluid design included choice of

a fiuid with acceptable optical and thermal properties. It had

to provide temperature control and at the same time perkit

undistorted chamber observation during flow. in addition

limitatiqn were put on its design by the -conflicting criteria

that the +hole thru the heat sink -be small enough (1.28 i-nch

diameter) to re.tain the thermal integrity of the- heat sink, and

a t the. same time provide as laige a viewing cross-section as
possi ie (I inch d iameter). The main fluid flow problems dealt

pith proViding reliable seals and insur-ing _proper flow ir the

space -b etween the panes -so the inner pane vwquld coo- uniform.yo

-zio-k continued on these problems. uhti- a prototype window

w s successfully- tested during :the third 'year. Despite

suz ssful testing the design proved unsatisfact rny. its

so.9dered brass+ construction, which required metalizing the edges

of the sapphire windows, wjas not practical for the 15 tc 18

windows planned. Moreover the use of 15 to 18 closed circulation

loops containing flammable ethanol constituted a fire hazard.

Therefore alteenative designs and materials were sought.

During the fourth year a modified design was developed using

nested Delrin cylinders with the window facing the inner chamber

volume glued into the outer cylinder. A switch to gas (carbon

dioxide) as the heat transfer medium reduced the sealing

-'40
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requirements placed on the fluid circuit and eliminated the fire

hazard. Three new windoes were constructed and tested on the

Proto II chamber.

During the second year the laser doppler drop sizing system

on the Proto I chamber was reviewed. Detailed evaluation of the

multi-step analysis of the signal (required to convolute the

scattering intensity vs. frequency data into number of particles

vs. particle size) revealed a complex propagation of the initial

signal errors. Particularly confusing was the effect of the

nonlinear nonmonotonic dependence of scattering efficiency on,

particle size. Also the actual volume being sampled in Proto I

was significantly smaller than originally estimated due to-

restrictions imposed by coherence volume requirements. Finally

the entire technique rested on the assumption of a quiescent

condition in the chamber during the experiment; experience with

the Proto I chamber indicated that this would be a very

restrictive requirement. We therefore investigated other

techniques for determining the drop size spectrum.

In examining various techniques it became clear that no one

*technique could be used for all experiments, and that the size

distribution measurement technique should be tailored to

individual experiments.

During the fourth year the feasibility of using holographic

techniques was examined. While initially promising, detailed

e aluation of the resolution achievable at the distances required

* by the chambers showed minimum practical resolution in the 10

--
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micron range which is too large. Also the size of the required

view ports to increase the resolution was not compatible with

existing chamber designs. Finally the cost was prohibitive for a

system with no guarantee of success.

A 90* laser scattering technique was also evaluated. The

intensity of monochromatic light scattered from a drop is a

complex rapidly varying function of drop size. However if the

four strongest lines from an argon ion laser are used

simultaneously and the scattering observed at 900, the scattered '

light from a drop can be described as a linear function of the

drop size (with a superimposed noise component). This noise has

the undesirable effect of initiating an uncertainty in the

determination of the drop radius, as large as + 1 micron. Our

plan is to focus the (four line) beam onto the spot in the

chambcr to be sampled (normally the center). Using a commercial

scanning mirror, we will scan in the x and y directions, and

translate the focus in the z direction. At the same time the

scattered light at 900 would be focused on a slot whose projected

size at the center of the scanned volume would equal the focused

]angth of the beam, this would limit the system to light from the

narrowest portion of the beam and define the size of this scanned

volume. Light passing through the slot would be detected by a

photomultiplier tube. A single position of the detection slot

will work 'for an entire x-y scan, however as the focus point is

moved in the z direction, movement of the location of the slot N:-7!

will be suitably sychronized. The technique has the advantages

11
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of operating at a distance, using a simple pulse height analysis,

and operating with slowly moving or quiescent drops. The major

disadvantage of the technique is the low (single measurement)

accuracy of the radius (+ 1 micron). However improvement in this

"error" should result from statistical analyses of multiple

measurements.

During the final six months the final decision to utilize

the four line 900 scattering system as a primary drop size

spectrum system was made. Once this decision was made the

detailed design of the mounts for the optical systems were

completed and sent to the machine shop for fabrication. The

final design had been delayed in order to coordinate the various

systems: drop size spectrum, photographic, transmission and 4*

Mie scattering. All systems either enter the chamber through the

same window or use the same window for observation. At present

all required hardware has been ordered. K.
.. 7
I-'.,
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SWITCHING POWER SUPPLIES

Design of the Romulus chamber called for the interior

surface to be divided into 208 separate control areas, each

cooled by 20 TEM's connected in series. The nominal resistance r

of the TEM's is 0.25 OHMS each (5 OHMS total). The maximum

cooling current a thermoelectric module can sustain is 14 amps.

This leads to a requirement for 208 programmable power supplies

capable of + 70 VDC at 14 amps. Or, an output power of 980 watts

per unit plus line loss and overhead. Investigation of external

suppliers revealed the cost of suitable commercial units to be

prohibitive, therefore it was decided to design and build the K
special purpose unit in-house.

During the first year an evaluation was made of analog

versus switching technology for the basic power supply design.

While the analog technology is well known and straight-forward in

approach it has an efficiency of only 40% when half power is

delivered to the load. This meant that the full chamber using It,
100 kw to cool the walls would require approximately 150 kw of

waste heat to be rejected by the power supplies. The switching K
technology while newer and subject to high frequency noise

problems has a more uniform efficiency of approximately 85% at

all output levels and presents a much smaller waste heat

rejection problem. The higher power requirements of the linear

supply would have required the installation of an additional

building power transformer. This additional transformer would

,?. ,.: r
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not be required with the switching supply. Also the switching

supply required only half the floor space of the linear supply. K
On the basis of projected efficiencies, space requirements,

building power availability, and other related considerations,

the decision was made in favor of the switchin9 technology.

Development of the power supply design was the initiated.

By the first half of the second year various aspects of the

power supply design were undergoing breadboard testing. TheIIbasic layout of the physical mounting was developed. This

consists of two power supplies built as a single unit. The high

power components are mounted on two commercial water cooled heat

sinks connected end to end by their water inlet-outlet lines.

The low power components for both power supplies are mounted on a

single priite-d-circuit-fboard The printed' circuit board is

attached to the heat sinks by hinged metal stand offs, and the

entire assembly can be inserted as a unit into the mounting rack.

As the input voltage requirements were finalized plans for

the step down power transforers could be developed. For safety

reasons it was decided to break the incoming •power into several

parallel circuits which could be turned on or off as needed when

the number of cylinders used for the chamber was varied. This

approoach suggested the natural division of one transformer for I.

each major chamber section. One transformer each for the top and

bottom sections and one each for the seven sidewall sections. A

rated power of 35 kVA also placed them in a size range which

could be handled and mounted in the available space. Detailed

4,
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requirements for the 3 phase 208 VAC to 90 VAC transformers were

developed and a supplier located to design and build nine

transformers. Along with the transformer design, plans were made

to connect a separate entrance panel to the existing building

power transformer to handle the increased load.-

As layout of the Proto II chamber developed consideration

was also given to its power requirements. Two alternatives were

considered. The first was to make the two systpms totally

independent, however this would mean building 68 more power

supplies and purchasing three more transformers. Also even at

this early stage it was becoming obvious that available building

space could become critical if care was not exercised. The

second alternative was to utilize 68 of the power supplies used

for the Romulus chamber to power the Proto II chamber. This oj.

approach is feasible since there are a sufficient number of other

areas where the two chambers utilize the same equipment that it

is unlikely that both chambers would be run at the same time.

Therefore a switching circuit to permit a single control to

change both the power and control lines of 68 power supplies from

one chamber .to the other was designed during the latter half of

the second year.

During this period, construction of the power supplies

themselves started and by the end of the second year there were

enough heat sink sections completed for enough the Proto II

-chamber. Work was still being pursued on the design and layout

of the printed circuit board.

h7
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Design of the printed circuit boards was completed midway

through the third year and prototype boards received from the

vendor. The prototype boards were assembled with already

completed heat sink sections and tested for function and L ,.

endurance. At this point one ring of side wall heat sink for the

Proto II chamber had been complete and one inner wall plate was

installed and connected to the prototype power supply. A very

simple control circuit was built which caused the power supply to

cool the inner wall plate at full power for 10 minutes. Then

reverse the polarity and heat the inner wall plate back to 39*C.

system was operated for a total of approximately 6000 cycles with

the only failure being the early burn out of several TEM's at the

corners of the plate. This was traced to insufficient clamping

force on the TEM's in these areas and additional studs were added

to the plate and heat sink design. The low end of the

temperature cycle was approximately -100C. After successful

testing of the prototype several minor modifications were made

and the remainder of the boards ordered. During this same period

the power transformers were received and the cabinet designed to

house them. The same cabinet was also designed to house the 18

three phase water cooled rectifier assemblies to convert the

incoming AC power to the + 90 VDC required as input for the

switching power supplies. The cabinet also contained the 18

large air cooled filter inductors used to prevent the high

frequency noise generated by the switching power supplies from
L.
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feeding into the AC power network. Once the rectifiers and

inductors had been constructed the entire system was mounted in

the enclosed steel cabinet. When the university physical plant
personnel completed work on the power entrance panel, and the K
lines to the transformers installed, the system was successfully

tested.

At the same time the transformers were being installed work

was proceeding on the cabinets and mounts for the power supplies.

A number of heavy duty aluminum electronics racks had been

obtained through surplus and five of these were stripped and

modified to house the switching power supplies. They were chosen

because of the high power densities involved and to help suppress

EMI. Modification included mounting a grid of aluminum guides so K
that the individual units could be slid in and out from the front

of the cabinet. Adaptors were provided to connect to both the

conduit containing the power cables coming from the transformers

and the wireways going to the chambers. Copper buss bars were

installed to distribute the incoming power and holes were cut in ,

the back plate for the supply and return lines to the water

cooled heat sinks. After modification the cabinets were set in

S'' place, and the conduit, wireways, and cooling system installed.

The switch circuitry to control the 68 common power supplies

(used for both the Proto II chamber and the Romulus chamber) was

completed and mounted on the side of one of the power supply

cabinets. Control leads to the Proto II analog controller

cabinet w:ere laid in and power cables run to the Proto II

________
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chamber. Lmu
During the fourth year power cables were run to the Romulus

chamber. Construction of forty of the power supplies was

completed and an additional forty printed circuit boards were

assembled.

As the fifth year began the Proto II chamber was turned on

and the first twenty of the double power supply units were placed

in operation. Initial chamber tests revealed control

instabilities which had to be corrected. Those problems traced

to the power supplies were corrected on all available units in

addition to those actually in use. By the end of the fifth year

49 of the 120 units had been completely assembled and given final

testing. Both the heat sink and printed circuit boards for all

120 units are complete and the units are being joined and given

final testing as they are needed.

After solution of the initial set of problems, operation of

the power supplies with the Proto II chamber has been extremely

reliable.

'4
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CONTROL AND DATA ACQUISITION COMPUTER

In the first year, in order to help determine the E
feasibility of using direct digital control for the Romulus

chamber, an Electrical Engineering Master's candidate completed r
the design and simulation of a digital control algorithm suitable

for the wall temperature control. The study showed the approach

as feasible and provided parameters for a proportional controller

with both integrator and derivative contributions.

By the third year the requirements placed on the system were

sufficiently defined that the overall architecture for the

computer system could be designed. The resulting design called

for one host computer, for overall control and temperature data

acquisition, with four slave computers to provide detail control

and monitoring of the individual power supplies. A data link

will provide communication between the NOVA 840 Master Computer

and the host computer with the 840 maintaining overall system

control. The design having been completed, the hardware could be

specified and purchased. Once the items for a minimum system

were received, the testing of the individual components was

initiated. At approximately the same time the physical location

of the computer hardware was finalized and the various cabling

requirements specified.

By the fourth year the individual hardware components had

been tested and were being assembled into an integrated system.

In addition the basic operating system and the graphics softwaie for
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informational display were tested. Hardware development was

started with the design and breadboarding of the interface

between the slave computers and the power supplies.

During the fifth year the host computer and its immediate

peripherals were installed in their final location and brought up

to operational status. The software to interface between the

host computer and the four slave computers was developed by a

computer science master's candidate as a library of subroutines

which can be called fron Fortran or assembly language. The

subroutines were tested using one of the slave computers

connected directly to the host computer. Development of the

slave computer-power supply, interfaces with the D/A section and

construction and testing of one" of the four required boards was

completed. The main printed circuit boards for the interfaces
4

were designed and etched, and the DC-DC power converters for the

slave computer were designed and the prototype successfully

tested.

In the last six months the printed circuit boards for the

slave computer power supplies were taped and etched and two of
0the four boards completed. The first of the four main slave

computer-power supply interface boards was completed and tested.

Basic communications software for the host-slave-power supply

links were completed. All remaining parts, materials and

equipment required to bring the system to full operation were

ordered.

ii?
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TRANS ISTOR THERMOMETERS

At the beginning of the contract period the matter of the

temperature measurement was regarded as settled. The transistor

thermometer then being used with the Proto-I chamber, as well as

elsewhere in the Center, had been developed by Center personnel

over a period of years and tests showed, them to be acceptable in

terms of stability, accuracy, and resolution. In addition they

were cost effective, and computer and control compatible.

As work progressed on the Proto II chamber duving the second

year, the first set of transistors for new thermometer sensors

was received. A series of tests were started to search for -a-

potting compound which could be used to encapsulate the sensors

"without effecting their stability or other characteristics.-

Unfortunately, as the search proceeded, the test results

indicated that the sensors did not appear to be stable in any of

the materials tested.

At this time several of the new sensors were used in the

temperature control system developed for our fast expansion

chamber. When we tried to calibrate these sensors it was found

that their calibration changed radically from day-to-day. After

all other possible sources of drift had been eliminated the new

on hand from Proto I. This cured the problem completely, and

caused us to suspect the new sensors as the source of the other t.
drift problems. A series of long term stability tests were

".
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ihi-tiated and the manufacturer contacted for additional r..

manufacturing data.

It did not take very long for the stability tests to showI'M
that the new transistors in their current configuration did not

have the required long term (or for that matter short term)

stability-. Discussions with the manufacturers were quite

frustrating since they were extremely reluctant to discuss

specific manufacturing processes with outsiders. It was finally

determined that the die used for the original Proto I transistor
had been changed and the surface was no longer being given a

protective die coating prior to -encapsulation. The removal of .
the coating permitted the migration of low level concentrations

of impurities on the surface and, while they caused minimal -

effects on operating characteristics for normal commercial .

applications, the resulting changes in characteristics made them

unusable as thermometer sensors.

Once the problem was isolated and defined a search for a new

thermometer sensor and mounting configuration was started. The

search was extremely time consuming due to the duration of the

tests required to measure stability. Finally, later in the third

year, a suitable transistor was located and a vendor found who

would package the transistor in a hermetically sealed can. This

effectively solved the impurity problem and provided a low

thermal resistance mounting configuration. Work on assembling

the sensors, attaching the electrical cable and mounting them in

the small brass bodies continued into the, fourth year.

e3.



Many of the noise suppression and control stability problems

encountered and solved during the start-up of the Proto II

chamber also provided solutions to the same problems which would

have occurred with the Romulus chamber had they not been dealt

with before-hand. Also during the fifth year cables from the

electronics rack to the Romulus chamber for the 384 sensors

(associated with the nine cylinders and the top and bottom

sections) were laid in and plugs attached to both ends. Also the

buss structure to interconnect the thermometer electronics output

with the computer A/D controller was designed and integrated with

the computer data format.

To date the printed circuit boards for the thermometry

electronics have been ordered and the remainder of the A/D f-5
interface is being laid out in detail. All circuits have been

electrically designed and all required parts and materials

ordered.
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SUMMARY

The Proto II chamber is currently operational and is being

used in the 24 inch high configuration. The side wall ring for

the second section has been assembled and is ready for

installation. The response of the Proto II chamber to all tests

so far performed has met or exceeded the design expectations.

While considerable time and effort were spent on development

F and construction of the Proto II chamber in most instances the

same effort would have been required for the Romulus chamber. In

most cases the application of the solutions developed for use

with the Proto II chamber to the Romulus chamber have required

few if any modifications beyond dimensional adjustments.

- Romulus is to be operational in late Spring 1985. All major

machine shop work is now complete; all mechanical parts are

on-hand, and a three cylinder chamber has been assembled. All

required parts and materials are either on-hand or due to be

delivered shortly. We are now engaged in final development and

construction of the control and data acquisition system and the

A-. transistor thermometers.

The scientific program, originally planned for the Proto I

chamber, is now being pursued with Proto II.
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